



























































































































































































































































































































































































Rp -RS(p-sin Ctan C)2 +q2





2p2 =[(n2-k2-sinュ 6)2.4n2k2 ]!.(n2-k21Sin2 6)　(3-3)
2q2 -【(n2 -k2 -sin2 0)2.4n2k2 ]L(n2 -k2 -sinュ 8)　(3-4)
ここで､ p偏光とS偏光は金属や半導体表面で鏡面反射し､入射角度と反射角度は等
しいとする｡ Cはレーザーの入射角度(反射角度)､nとkはそれぞれ金属や半導体表
















の規格化した吸収光強度(1-Rp)cos C ､ S偏光の規格化した吸収光強度(1-Rs)cos e


























































非常に小さいため､ f(I)= 6(I)と近似できる｡ 6(I)はディラックのデルタ関数である.パ
ルス加熱時はJ-0であるから∂ (o)=1となり､式(2-5)は次のように表される｡





















E(X,t - 0) ≡ Etqdse ll-Rp(350)】 αexp(-ax)　　　　　(3-7)
パルス加熱時に､試料表面からの深さがxl～X2 (X.<X2)の領域(Fig. 3.2 )に吸収され
るエネルギーE..～.,は式(3-7)を積分して求めることができる｡
































Epd,e = 9･34×10~10 J/pulseをチタンサファイアレーザーのパルス幅100fsで割ることで､
9･34×103J/S (W)と求めることができる｡また､チタンサファイアレーザーの強度は､ピー

























































































物質 冕y7?比熱 僖ﾙ6??b?M拡散率 〟 ?? 
Mg/m3 箸?ｶtｲ?W/(mK) 盲"??
Al ?緜モ?05 ?3r?.68×10-5 
A1203 ?繝?779 ?b?.19×10-5 
Mo ??#"?48 ?3?5.43X10-5 
MoO3 ? ? 
Ti 釘經??22 ???0.93×10-5 
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′Tin : 99.19 vo1%, void : 0.81 vo1%
(OTifilm(on SiOz)



























































































































Fig. 4.2はパルス加熱直後の極短時間領域の測定結果である｡ Fig. 4.2より､本測
定では高い時間分解能でパルス加熱後10数psの範囲のエネルギー移動現象を捕ら
えていると判断できる｡


























































l ???S8??ﾓVﾓ%2ﾓ? l 
0　　　　　　50　　　　100




I (C)Mo film ● 
● .-J-JL- .｢■ー I 牝3ﾓ?X??ﾓVﾓ%2ﾓ? 
I 
0　　　　　　　50　　　　　100
Delay time , i/ps
age巴Ou!aJnlBhadLuatpaZ!ttu10之
一 .(d)Mobuk 




































Delay time , i/ps
5 0　　　　　5　　　　10　　　15


















Delay time , I/ps
.爪.d＼aSt223u!巴旦tuaL
0　　　　5　　　10　　　15























































属学会会報, 30 (8), (1991) 695
(2)小野晃, ``薄膜･ファイバーの熱伝導率･熱拡散率とその測定法'',熱物性, 6 (3),
(1992)200
(3) H. K. Park, C. P. Grigoropoulos, and A. C. Tan, ``Optical measurements of
thermal di軌sivity ofa material", Int. J. Thermophys･, 16 (4), (1995) 973
(4) S. D. Preston, "A review of techniques for measuring the thermal diffusivity of
thinfiIms and coatings", HighTemperaturcs - HighPressures, 27/28, (1995/1996)
日ll
(5) D. G. Cahill and S.-M.Lee, "Progress in the study of thin rllm thermal
conductivity'', 17th Japan Symp. Therinophys. Prop, Sl, (1996) 1
(6) T. Yamane, S. Katayama, and M. Todoki, "Thermal conductivity measurements of
advance materials using a 3 w method (lst Report)", 19th Japan Symp･
Thermophys. Prop, C233, (1999) 408
(7) C. A. Paddock and G. L Eesley,･ "Transient thermorefLectancefromthin metal
filmsn, J. Appl. Phys., 60 (I), (1986) 285
(8) B. M. Clemens, G. L Eesley, and C. A. Paddock, "Time-resolved themal
transport in compositionally modulated metal films", Phys･ Rev･ B, 37 (3), (1988)
1085
(9) T. Baba, N. Taketoshi, and A. Ono, ``Development of themal dithsivity
-69-
′measurement system using a picosecond thermoreflectance technique (I)", 16th
Japan Symp. Thermophys. Prop, 8305, (1 995) 365
(10) N. Taketoshi, T. Baba, and A. Ono, "Development of themal di飢sivity
measurement system using a picosecond themorenectance technique (2)", 16th
Japan Symp. Thermophys. Prop, B306, (1995) 369
(ll) N. Taketoshi, T. Baba, and A. Ono, ``DeveloPment of thermal diffusivity
measurement systcmusing a picosecond thermorenectance technique (3)", 17th
Japan Symp. Themophys. Prop, AIO少, (1996) 43
(12) N. Taketoshi, T. Baba, and A. Ono, ``Development of athermal diffusivity
measurement system　with a pICOSeCOnd thermorenectance technique", High
Temperatures - HighPressures, 29, (1 997) 59
(13) N. Taketoshi, T. Baba, and A. Ono, …Development of thermal di軌sivity
measurement system using a picosecond themorenectance technique (4)", 18dI
Japan Symp. Thermophys. Prop, A223, (1997) 105
(14) N. Taketoshi, T. Baba, and A. Ono, uPicosecond themoreflectancc measurements
of thermal di瓜sion infiIm/substrate two-layer systems", Thermal Conductivity,
24,(1997)
(15) T. Baba, N. Taketoshi, and A. Ono, "Analysis ofthemal diffusion in multi-layer
thin films by a response function method'', 19th Japan Sy.mp･ Thermophys･ Prop,
B225, (1998) 231
(16) N. Taketoshi, T. Baba, and A. Ono, "Observation of heat diffusion across
submicrometer metal thin mms uslng a PICOSeCOnd thcmoreflectance technique'',
-70-
′Jpn. J. Appl. Phys., (1999) to be published.
(17) N･ Taketoshi, T･ Baba,and A. Ono, "Development of a thermal di瓜sivity
measurement system using a picosecond thermoreflectance technique (5)", 20th
Japan Symp･ Thermophys. Prop, C221, (1999) 384
(18) N. Taketoshi, T. Baba, and A. Ono, …Themal diffusivitycalculation of thinfilm
uslng a PICOSeCOnd thermorefLectance techniquen, 20th Japan Symp･ Thermophys･
Prop, C222, (1999) 388
(19) T. Babaand N. Thketoshi, …Measurements of boundary thermal resistance between
thin filmSwith the pICOSeCOnd themorenectance methodn, 20thJapan Symp･
Themophys. Prop, Bl14, (1999) 78
(20) H. E. EIsayed-All, T. B. Norris, M. A. Pessot, and G. A. Mourou, "Time-resolved
observation of electron-phonon relaxation in copper", Phys. Rev. Lett., 58 (12),
(1987) 1212
(21) S･ D･ Brorson, A. Kazeroonian, J. S. Moodera, D. W. Face, T. K. Cheng, E. P.
Ippen, M･ S･ Dresselhaus,and G･ Dresselhaus, ``Femtosccond room-temperature
measurement of the electron-phonon coupling constant A in metallic
superconductors", Phys. Rev.Lett., 64 (1 8), (1990) 21 72
(22) J. G. Fujimoto, J. M. Liu,and E. P. Ippen, "Femtosecond laser interactionwith
metallic tungsten and nonequilibrium electron and lattice temperaturesn, Phys･
Rev.Lett., 53 (19), (1984) 1837
(23) R. W. Schoenlein, W. Z.Lin,and J. G. Fujimoto, "Femtosecond studies of
nonequilibrium electromic processes in metals", Phys. Rev.Lett., 58 (16), (1987)
-71-
′1680
(24) S. D. Brorson, J. G. Fujimoto, and E. P. Ippen, "Femtosecond electronic heat-
transport dynamics in thin gold films", Phys･ Rev･Lett･, 59 (17), (1987) 1962
(25) T. Q. Qiu and C. L. Tien, "Short-put.se laser heating on metals", Int･ J･ Heat Mass
Transfer., 35 (3), (1992) 719
(26) T. Q. Qiu and C. L Ticn, "Heat transfer m9Chanisms during short-pulse laser
heating ofmetals'', J. Heat Transfer, 115, (1993) 835
(27) T. Q. Qiu and C. L. Tien, "Femtosecond laser heating ofmulti-layer metals - Ⅰ ･
Analysis", Int. J. Heat. Mass Transfer., 37 (17), (1994) 2789
(28) T. Q. Qiu and C. L Tien, …Femtosecond laser heating ofmulti-layer metals -Ⅱ I
Experiments", Int. J. Heat. Mass TransfTcr･, 37 (17), (1994) 2799
(29) A. Guerra Ⅲ, W. E. Bron, and C. Suarez, "Imaging metallic multilayer structures
throughultrafast optically driven excited electron transport", Appl･ Phys･ B, 68,
(1999)405
(30) D. W. Tang and N. Araki, HPropagation of non-fourier temperature wave and
thermal relaxation time", 16th JapanSymp. Thermophys. Prop, B308, (1995) 377
(31) D. W. Tang and N. Araki, "Non-fourier effect in materials heated by a short laser-
pulse", Proc.4thAsian Themophys. Prop. Conf., A3C2, (Tokyo,1995) 577
(32) D. W. Tang and N. Araki, "On non-fourier temperature waveandthermal
relaxation time", Int. J. Themophys., 18 (2), (1997) 493
(33) J. M. Kozlowska, wWave characteristic offemtosecond heat conduction inthin
films", Int. J. Thermophys., 14 (3), (1993) 593
-72-
(34) J. M. Kozlowska, Z. Mucha,and M. Kozlowski, "Picosecond thermal pulses in
thin gold films'', Int. J.Jhermophys･, 16 (6), (1995) 1489
(35) J. M. Kozlowska and M. Kozlowski, …The thermal inertia of materials heatedwith
laser pulse faster than relaxation time", Int･ J･ Thermophys･, 17 (5), (1996) 1099
(36) G. L. Eesley, B. M. CIemens, and C. A. Paddock, "Generation and detection of
picosecond acoustic pulses in thin metal films", Abpl･ Phys･ Lett･, 50 (12), (1987)
717
(37) G. L. Eesley, "Picosecond dynamics of thermal and acoustic transp叫in metal
filmsM, Int. J. Themophys., ll (4), (1990) 811
(38) K. A. Svinarich, W. J. Meng, and G. L Eesley, "Picosecond acoustic pulse
renectionfrom a metal-metal interface", Appl. Phys.Lett･, 57 (12), (1990) 1 185
(39) C. Thomsen, H. T. Grahn, H. J. Maris, and J. Tauc, …Surface generationand
detection of phonons by picosecond light pulses", Phys･ Rev･ B, 34 (6), (1986)
4129
(40) H. T. Grahn, H. J. MariS, and J. Tauc, "Picosecound ultrasonics", IEEE J･ Quant･
Elect., 25, (1989) 2562
(41) J. L Hostetler, A. N. Smith, and P. M. NomiS, …Thin film thermal conductivityand
thickness measurements uslng PICOSeCOnd ultrasonicsp, Micro･ Thermophys･ Eng･,
1, (1997) 237
(42) J. L Hosteler, A. N. Smith, and P. M. Norris, ``Simultaneous measurement bf






の熱拡散率測定'',日本金属学会春期大会講演概要, 29S, (1998) 138
(45) K. Ujihara, "Reflectivity of metals at high temperatures", J. AppI. Phys., 43 (5),
(1972) 2376
(46) D. Guidotti and H. M. van Driel, "Spatially resolved defect mapping in
semiconductors uslng lasermodulated thermorenectance", AppI. Phys.Lett., 47
(12), (1985) 1336
(47)浜川圭弘,升田公三,西田良男, …技術ノート(ロックインアンプとその応用)'',応
用物理, 37 (4), (1968) 349
(48) J. H. BechteI, "Heating of solid targets with laser pulses", J. AppI. Phys., 46 (4),
(1975) 1585
(49)鶴田匡夫,"応用光学Ⅰ (応用物理工学選書1 )",培風館,(1990)
(50) M. Bornand E. Wolf, "Principles of optics", 6th edition, Pergamon Press, (1980)




46 (9), (1977) 887




(56) R. M. A. Azzamand N. M. Bashara, "Ellipsometry and polarized light", EIsevier,
(1987)
(57)川畑州-, ``偏光解析法と極薄膜の測定における問題点",応用物理, 57 (12),
(1988) 1868




(60) M. 帆 Ribarsky, in ``Handbook of optical constants of solids (E. D. Palik, ed.)'',
Academic Press, London, (1985)
(61) Fran90is GervaiS, in "Handbook of optical constants of solids　Ⅱ (E. D. Palik,
ed.)", Academic Press, London, (1991)
(62) M. F. Vasil'eva, E. A. Fedin, A. M. Iskra, and P. P. Yakovlev, ``Optical properties
ofmolybdenum oxide films", Sov. J. Opt. Techno1., 58 (1), (1991) 56
(63) D. D. Joseph and L. Preziosi, …Heat waves'', Rev. Mod. Phys., 61, (1989) 41
(64) D. D. Joseph and L. Preziosi, "Addendum to the paper "Heat waves" lRev. Mod.
Phys. 61, (1989) 41", Rev. Mod. Phys., 62, (1990) 375
(65) charles Kittel ;宇野良清ほか共訳, "固体物理学入門上一第7版'',丸善,
(1998)
-75-
